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Benches were thoroughly cleaned with bleach and filter tips were used at all stages of lab work. 11 and resuspended in 10 μl of 10 mM Tris buffer. Subsequently, adapters were ligated to the 183 purified restriction-digested DNA in a 20 μl reaction containing 10 μl of the insert, 0.5 μM of 184 RAD-P1 adapter, 0.5 μM of universal RAD-P2 adapter, 1x T4 ligase buffer, and 400 U of T4 DNA 185 ligase (NEB). Adapter sequences are shown in Table 3 ; single strand adapter oligonucleotides 186 are annealed before use by heating to 95°C and gradual cooling. Ligation was performed at 16°C 187 for 3 hours. The reaction products were purified using an AMPure XP ratio 1:1 with the sample, 188 and resuspended in 10 mM Tris buffer. The ligation product was size-selected using the Pippin
189
Prep electrophoresis platform (Sage Science, Beverly, USA) with a peak at 270 bp and 'tight' size 190 selection range. 
192

217
resulting fragments will thereafter be referred to as probes.
218
Shotgun library preparation 219
Shotgun libraries were prepared from the fresh and museum specimens based on a Table 3 [24]).
224
For L. helle, DNA from each individual was divided in two aliquots. One aliquot was kept 225 intact (i.e. high molecular weight DNA in the fresh sample and naturally degraded DNA in 226 museum specimens) and the second was sonicated using Covaris focused ultrasonicator without sonication, based on the test results obtained from the L. helle libraries.
230
DNA samples were first 5'-phosphorylated in order to allow adapter ligation in the next 231 steps of the protocol. 8 μl of DNA was denatured at 95°C for 10 minutes and quickly chilled on 232 ice. The 10 μl reaction consisting of denatured DNA, 1x PNK buffer and 10U of T4 polynucleotide 233 kinase (NEB) was incubated at 37°C for 30min and heat-inactivated at 65°C for 20 min. The
234
DNA was then purified using an AMPure:reaction volume ratio of 2:1 and resuspended in 10 μl 235 of 10 mM Tris buffer.
236
A guanidine tailing reaction of the 3'-terminus was performed after heat denaturation of 237 DNA at 95°C for 10 minutes and quickly chilling on ice. The reaction composed of 1x buffer 4 238 (NEB), 0.25 mM cobalt chloride (NEB), 4 mM GTP (Life Technologies), 10 U TdT (NEB) and 10 µl 239 of denatured DNA in 20 µl reaction volume was incubated at 37°C for 30 min and heat-240 inactivated at 70°C for 10 min.
241
The second DNA strand was synthesized using Klenow Fragment (3' → 5' exo-), with a 242 primer consisting of the Illumina P2 sequence and a poly-C sequence homologous to the poly-G 243 tail (see Table 3 ) added to the DNA strand in the previous reaction. A 10 μl reaction mix 
263
program started with 20 sec at 98°C, followed by 25 cycles of 10 sec at 98°C, 20 sec at 60°C, and 264 25 sec at 72°C, followed by a final extension for 2 min at 72°C. Success of each PCR reaction was 265 checked using gel electrophoresis, and the resulting products were purified using AMPure 266 XP:reaction ratio of 0.7:1. Samples were then pooled in equimolar ratios.
267
In solution hybridization capture, library reamplification and sequencing 268
The hybridization capture and library enrichment steps described below are based on 
370
Mapping and SNP calling 371
Reads from the hyRAD library were cleaned by Trimmomatic with milder parameters 372 than reads used in the de novo assembly (keeping 60-85% of the reads in historical specimens). multi-copy sites were removed based on a coverage of a standard-deviation three times higher
Genetic structure 389
In order to check whether data was reflecting genetic structure, we applied 
393
Overlap between assembly references 394
To evaluate the level of overlap among the three assembly references for L. helle (RAD- 
396
Most of the pipeline was run with the default parameters, except for Blastall and MCL clustering 397 steps. Here, we used more stringent parameter values (e-value of 0.0001 and MCL was run with 398 an inflation parameter of 2.0) in order to reduce chances of detecting false orthology groups. As 399 a result, we obtained clusters of contigs being contributed by the three assembly references. We 400 then counted how many of these clusters -presumably corresponding to homologous loci -401 were shared among the available reference assembly approaches. Eventually, to reveal the 402 number of RAD loci present in the references, reads of the raw RAD library were mapped on 21 The utility of the method was further validated using 49 museum and fresh samples of a 406 Palearctic grasshopper species for which a marked east-west spatial genetic structure was 407 identified previously [22] . The catalog was built based on eight specimens from the captured 408 library that showed the largest number of reads and spanned the species' distribution area 409 (Switzerland, Italy, Spain, Russia), using the method that yielded the highest number of contigs 410 and produced consistent genetic structure in L. helle (assembly-ref, i.e., denovo reference built 411 using SOAPdenovo, see Results and Discussion section and Table 4 ). The generated contigs were 
Effects of sample preparation and age on the numbers of SNPs obtained and the 520 exogeneous DNA content 521
Reads can be mapped on a reference either once with a highest score (i.e., single 522 mapping) or on more than one region of reference with close scores (i.e., multi mapping). The 523 reasons for multi-mapping events can be biological (e.g., paralog sequences) or technical 524 (splitting single loci into more reference loci), nevertheless these mapping events cannot be 525 used for SNP calling and offer another benchmark for the assembly methods used. Differences in 526 the number of single mapping events and in the numbers of SNPs obtained were not substantial 527 between sonicated and non-sonicated samples, and depended on the sample age and the 528 bioinformatic pipeline used (Figs 3 and 4 ). We expected that museum specimens should 529 perform better without sonication, as the DNA was already visibly fragmented, and sonication of 530 museum specimens may increase the levels of exogenous DNA contamination (by fragmenting 531 intact fungal or bacterial DNA contaminating museum samples; M. Meyer, pers. comm.). In 532 terms of mapping events, whereas the fresh sample usually showed a better ratio of single-to 533 multi-mapping events when sonicated, there was a trend towards a higher percentage of unique 534 mapping events for non-sonicated 30-years old museum specimens, on average 1.3 times 535 higher, irrespective of the reference used (the difference was less clear for 58-years old museum 536 specimens, and depended on the reference used). We would therefore advise not to sonicate 537 DNA obtained from the museum specimens, which significantly cuts down the price and time 
584
The spatial genetic structure inferred by fastStructure revealed two geographically 585 distinct clades in the west and the east of the Palearctic (Fig 6) . This result supports the eastern-586 western split previously highlighted in Oedaleus decorus based on mtDNA amplicons [22] . This 587 demonstrates that hyRAD is a reliable technique to infer spatial genetic structure from both 588 fresh samples and museum samples collected at various time points in the past. for degraded DNA from museum specimens [15] . However, the capture protocol presented here 610 can be applied to any type of library preparation, including commercial ones, simplifying the 611 workflow and cutting down the preparation time.
612
We also explored several bioinformatic approaches for loci assembly from the captured 613 libraries, a crucial step when working on organisms without a reference genome. Identifying the 614 most appropriate catalog-building method may depend on the goals of each study. In our case, 615 the pipeline that was the best at identifying population structure in the butterfly was relying on 616 a non-sonicated library mapped to the de novo reference assembly from captured reads from a 617 single ethanol-preserved specimen, using SOAPdenovo assembler (assembly-ref). Despite the 618 fact that a maximum of 26% of the obtained sequences mapped to the references and the 619 proportion of single mapping events were not higher than 10% on average (Fig 3) , we could 620 successfully call around a thousand of loci in each case (Fig 4) , with high coverage across the 621 samples.
622
Importantly from the wetlab protocol perspective, in the hybridization step, we have 623 used blocking oligonucleotides to prevent 'daisy-chaining' of captured sequences by adapter 624 sequences' homology. Using a blocking agent preventing similar chaining caused by repetitive 625 sequences (Cot-1 DNA, applied to the grasshopper libraries, see below [51]) as well as 626 optimizing the conditions of hybridization and capture reactions for increased stringency (e.g.,
627
by decreasing hybridization temperature and the stringency of the washes using higher 628 concentration of SDS and/or lower concentration of SSC) may further increase the 629 hybridization efficiency and thus the numbers of reads mapping on the reference and reduce 630 the number of low-coverage loci.
631
The de novo assembly building pipeline produced the largest contig of 2,352 bp for the 632 butterfly and 13,103 bp for the grasshopper dataset. Although the mean length of the assembled genetic marker discovery and genotyping using next-generation sequencing. Nature Reviews 853 854 S1 Table. mapDamage2.0 results based on each of the three reference catalogs for L.
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